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734a Wednesday, February 29, 2012Molecular Dynamics simulations using this forcefield predict a per-Asp-residue
rupture force from aragonite surface of 60 pN, which agrees with experimental
results.(3)
Based on our newly developed forcefield parameters, more realistic computa-
tional models of nacre were built and used to study the mechanical properties of
an aragonite tablet. A state-of-the-art simulation technique, Force Distribution
Analysis (FDA) (4), together with a continuum modeling method, Finite Ele-
ment Analysis (FEA), were employed for the first time to study inorganic
models here. The atomic stress concentration around the structural flaws in
the mineral tablet in our simulations from the two methods showed good agree-
ments. Combining FDA with FEA, our research will widen the understanding
for the mechanically enhanced bio-composite materials on multi-scale level.
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We present intriguing new 40-ns MD simulations with quantum mechanical
(ZINDO) treatment of the partially buried tryptophan (Trp) residue in Staphy-
lococcal nuclease. Two lysine residues (K110 and K133) and a glutamate res-
idue (E129) lie close to the Trp, each of which would produce a redshift in the
fluorescence wavelength of tens of nm due to strong electrostatic interaction
with the large excited state dipole. Remarkably, experiments have shown
that individual mutations of these charged residues to alanine have at most
a 1 nm effect on the fluorescence emission maximum. Earlier simulations
from our group on the wild type (WT) protein showed that much of the large
red shift expected from the charged groups was canceled by collective blue
shifting interactions from water, so that the wavelength was predicted correctly.
The much longer simulations reported here on WT and each of the mutants also
predict the same average wavelength within 2 nm. For WT and E129A, the net
collective electrostatic interaction from dozens of waters–extending out to 15
Angstroms–contribute a blue shift of ~20 nm, which when added to the ~60
nm red shift contributed by protein, correctly predicts the observed wavelength.
For the other mutants, the red shift from protein residues is much smaller, and
only a small red shift comes from water. Fast (10 fs), large-amplitude (40 nm)
fluctuations of both the protein and water contributions are observed in all
cases. The water and protein fluctuations are strongly anti-correlated in every
case.
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This atomistic molecular dynamics simulation study aims to obtain a compara-
tive view of the protein unfolding mechanisms using two chemically different
denaturants, urea and guanidinium chloride, by elucidating their interactions
with purely hydrophobic carbon nanotubes mimicking protein cores. For this
purpose, simulations of carbon nanotubes were carried out in 6M aqueous gua-
nidinium chloride and compared directly with earlier simulations performed in
8M aqueous urea (Das et al., J. Phys. Chem. B 2010, 114, 5427-5430). Prefer-
ential denaturant intrusion resulting in dehydration of the nanotube core was
found in both denaturant solutions. Further interaction energy analysis reveals
that this chemical denaturant-induced nanotube dehydration is primarily driven
by the direct dispersion interaction mechanism, during which a denaturant
forms stronger dispersion interaction with hydrophobic nanotube than water.
We observed more complete and diameter-independent drying of the nanotube
interior in urea than in guanidinium chloride. The partial drying of the hydro-
phobic core can be attributed to guanidinium’s better hydration and weaker
self-association compared to urea, as well as to its moderate ion-pairing with
strongly hydrated chloride ions. The results from the present simulation study
propose an initial ‘‘dry globule’’-like transient intermediate formation as a gen-
eral pathway during chemical denaturant induced protein unfolding. However,
the molecular details of this kinetic intermediate can be modulated by the
microscopic properties of the chemical denaturant used, as well as by the
size and chemical nature of the protein.3724-Pos Board B585
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Alzheimer’s Disease (AD) is a neurodegenerative disease associated to abnor-
mal formation and accumulation of tangles of the amyloid-beta (AB) peptide in
specific brain regions connected to memory and cognitive functions.[1]
Insulin Degrading Enzyme (IDE) is a zinc metalloprotease physiologically
regulated by ATP, through a still uncertain mechanism. Its ability to degrade
insulin and AB has been investigated for the development of drugs for AD,
and understanding this mechanism of activation/inhibition of IDE by ATP
can open pathways leading to new therapies.[2]
We show blind docking results, obtained using the program AutoLigand in
AutoDockTools, which located seven possible sites of ATP binding in the
IDE, from which only three seem likely to influence the mechanism of action
of this metalloprotease. We
also present Molecular Dy-
namics and QM/MM simula-
tions aimed at understanding
this mechanism of IDE inhibi-
tion. Finally, we discuss the ac-
tion of the enzyme towards
degrading AB in the presence
or absence of ATP.
[1] S. Wang, J. Wu, S. Yama-
moto and H.-S. Liu, Biotech.
J. 3,165-92 (2008).
[2] H. Bernstein, Neuroscience
Letters 263, 161-164 (1999).
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Dengue is a vector tropical disease affecting millions of people, and may lead to
death. Brazil is the country with the highest number of dengue and dengue hem-
orrhagic fever (D/DHF) cases combined.[1] In the sixth more populated coun-
try in the world, Pakistan, dengue has infected over 12,000 people and killed
over 125 in 2011 alone.[2]
Unfortunately, there are no specific medicines for the treatment of D/DHF and,
once infected, theWHO recommendations are limited to observation and symp-
tomatic treatment. Recent efforts have revealed a series of proteins essential to
the dengue virus’s life cycle, whichmay be used as targets for newmedicines.[3]
The aim of the present work is to understand the mechanism of action of
such an enzyme, nonstructural protein NS3 protease complexed with the cofac-
tor NS2b (NS3/NS2b), responsible for cleaving the viral polyprotein during the
virus replication step, and the identification of molecules capable of effectively
inhibiting this enzyme, thus preventing the virus from replicating.We will show
molecular dynamics simulations of the NS3/NS2b complex, alone and in the
presence of the substrate (Boc-Gly-Arg-Arg-AMC) in the active site, as well
as hybrid QM/MM simulations for understanding the enzymatic mechanism.
[1] World Health Organization. Drug for Neglected Diseases Initiative, 2009.
Available from: http://www.dndi.org/. [visited 06/23/2009];
[2] CNN International, Dengue fever kills 125, infects more than 12,000 in
Pakistan - cnn.com, 2011, available from http://edition.cnn.com/2011/09/30/
world/asia/pakistan-dengue-fever
[Visited 10/01/2011]
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The influence of force on the stability of inter- and intramolecular bonds has been
studied in great detail. Experiments, e.g. with AFMs or the Biomembrane Force
Probe, have shown that the relationship between the lifetimeof biomolecules and
applied forces is well described by the Bell equation. However, rather than ex-
periencing a constant (or continuously increasing) force, some biomolecules
are subject to repeated force cycles. For instance, myosin motors in muscles ex-
perience millions of force cycles over their lifetime. At the macroscopic level,
repeated stress cycles can lead to ‘fatigue failure’. Fatigue failure originates in
permanent micro-damages and occurs at subcritical stress levels, provided that
Wednesday, February 29, 2012 735athe number of stress cycles is large enough. Fatigue is a major cause of failure in
machinery; however there is no comprehensive theory of fatigue. To design ma-
chines, engineers use heuristic methods such as the Palmgren-Miner rule or S-N
diagrams. Here, we investigate for the first time a molecular theory of fatigue
failure.We aim to provide a theoretical basis for the heuristicmethods engineers
use to avoid fatigue failure and draw conclusions about the design of molecular
machines such as kinesin or myosin motors.
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Mechanochemistry of Small Molecules: Into Which Bond does the
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Wenjin Li1,2, Gerrit Groenhof3, Frauke Graeter1,2.
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Regulation of (Bio)chemical reactions by mechanical force has been proposed to
be fundamental to cellular functions[1]. Atomic force microscopy and molecular
force probe experiments suggested an enhancement on the reactivity of thiol/disul-
fide exchange[2] and ring-opening of cyclobutene[3], respectively. Recently, we
have performed hybrid quantum mechanical molecular mechanical simulations
in combination with transition path sampling on the thiol/disulfide exchange.
Wecould show that stretchingamolecule can significantly shift the transition state,
and also affects degrees of freedoms other than sole bond stretching [4].
In order to understand into which degrees of freedom the force goes, we have
developed a force distribution analysis method for ab initio simulations, a sim-
ple scheme to deduce pairwise forces from non-pairwise quantum mechanical
descriptions, which is transferable to any other (bio)chemical molecule for
which internal stresses are of interest. The application to the ring-opening of
cyclobutene shows how mechanical stretching forces propagate into the bonds
of the reactive system, leading to both compressive and tensile forces in the
strained cyclobutene. The force distribution allows to directly relate internal
forces in bonds to mechanochemical events of bond scission.
[1] Bustamante C, Chemla Y, Forde N, Izhaky D. Annu. Rev. Biochem. (2004)
73: 705-748.
[2] Wiita AP, Ainavarapu SR, Huang HH, Fernandez JM. Proc.Natl. Acad. Sci.
U.S.A. (2006) 103: 7222-7227.
[3] Yang QZ, Huang Z, Kucharski TJ, Khvostichenko D, Chen J, Boulatov R.
Nat. Nano. (2009) 4: 302-306
[4] Li W, Graeter F. J. Amer. Chem. Soc. (2010) 132: 16790-5.
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The imminent lack of fuel instigated by the upcoming end of the world’s oil
reserves has increased the interest in new energy sources. Biofuels are an alter-
native largely used in Brazil, where gasoline and ethanol consumption are
about the same. However, to the ethanol production, just the sugarcane juice
is employed and a large amount of biomass is not efficiently used. This colossal
amount of resources, specially the cellulose fibers, is the basis to the production
of the so called second generation biofuels.
Nevertheless, the crystalline structure of the cellulose fibers is a big challenge,
since enzymes do not efficiently degrade this kind of structure, however they do
efficiently break down imperfect fibers. Structural studies had shown the im-
portance of a hydrogen bond web to stabilize these fibers. In this work, we
are studying the behavior of this fiber using molecular modeling tools, in order
to develop a technic to break down these hydrogen bonds, which should lead to
the production of single chains or even a less structured fiber.
In this work, QM/MMMD simulations of a fully hydrated cellulose fiber segment
were carried out to observe the influence of the hydration in the fiber stability. The
structure obtained using these simulations were used as input in a DFT study of
a small portion of the fiber. These QM simulations were carried out to study the
energy and frequency of the inter-chain hydrogen bond.Our simulations are show-
ing a very stable frequency value to these bonds and we could use it to break these
H-bonds using QM/MM calculations, to produce a resonance phenomenon.
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Neuronal signaling is based on the release and detection of glutamate within the
synaptic cleft. Regulation of this signaling has implications in both learning and
memory, while dysfunction is implicated in a variety of neurological disorders,
including Parkinson’s and Huntington’s diseases. Glutamate in the synapticcleft is detected by glutamate receptors (GluRs), which are ligand-gated ion
channels. N-methyl-D-aspartate receptors (NMDARs) are a class of GluRs
that require the binding of both glycine and glutamate for receptor activation.
Here, the free energy landscapes governing large-scale conformational transi-
tions in the isolated ligand-binding domains (LDBs) of the NMDAR subunits
NR1, NR2A, and NR3A are computed for both apo and holo forms using um-
brella sampling simulations. The effects of both agonist insertion and amino
acid substitutions on conformational stabilities in the various LBDs are
examined.
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Recently, high resolution x-ray crystallography demonstrated breathing motion
of internal cavities in concert with ligandmigration in myoglobin(Mb) [1]. Con-
tinuous pulsed illumination of carbomonoxy-Mb crystals at low temperatures
has illustrated structural changes around each cavity in response to ligandmigra-
tion. In the present study, we examined the effect of the breathing motion on the
potential of mean force(PMF) for ligand-protein interactions by usingmolecular
dynamics simulation and experimental derived from the x-ray study[1]. Confor-
mational sampling of Mb was performed by NPT molecular dynamics simula-
tion for 92 ns. We introduced three-dimensional lattice of regularly spaced
grid points, and evaluated PMF at each point by the implicit ligand sampling
method [2]. The effect of the breathing motion of Mb on the ligand-protein in-
teraction was illustrated by the differencemap of PMFs forMb structures before
and after light illumination. Our results show ligand escaping mechanism via
Xe1 pocket and gate opening between Xe2 pocket and Xe3 pocket.
References
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In thismeeting, we present themolecular dynamics studies of two protein targets
for cancers. The one is epiregulin (EPR), which is a member of the epidermal
growth factor family and a factor affecting pancreatic cancer. Recently, it was
observed that the binding affinity of EPR without S-S bonds for an antibody is
lower than that of EPR with S-S bonds, and that the affinity of a long form
type (extracellular domain) of EPRwithout S-S bonds is higher than that of ama-
ture type without S-S bonds. To investigate the effect of the S-S bonds on the
structural stability of EPR, we have performed molecular dynamics (MD) sim-
ulation for these three types of EPR. From our simulations, it has found that the
S-S bonds reduce the structural fluctuation of EPR, and the structure of the ma-
ture domain in the long form type is similar to the mature type with S-S bonds.
The other protein target is the loop region between fibronectin type III domains
of roundabout-1 that is a receptor for Slit1 and Slit2 in axon growth cones and
differentially expressed in cancers. We have investigated the structural stability
and thermodynamic property of the loop region using MD simulation. We have
calculated two types of peptide of different size: the peptide composed of 26
amino acid residues corresponding to the full region of the fluctuating loop,
and the shorter one of 20 amino acid residues. In the 20 amino acid peptide
calculations, we have observed two different stable conformations, which are
stable during more than 1.5 ms. We have found that for the one conformation,
the intramolecular interaction energy contributes to the thermodynamical sta-
bility, while for the other one, water binding to the turn part of the peptide is
dominant contribution.
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Accelerated Molecular Dynamics Simulations of Thrombin-Thrombo-
modulin Reveal Potential for Entropic Allostery
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The specificity of the serine protease thrombin is altered from procoagulative
cleavage of fibrinogen to anticoagulative cleavage of protein C upon distal
binding of cofactor thrombomodulin (TM). The fourth EGF-like domain of
TM (TM4) is necessary to elicit this response, though it makes no direct contact
with thrombin. While this effect can be described as allosteric, crystal struc-
tures of apo and TM bound thrombin do not reveal a significant structural
change, making a significant enthalpic contribution to allostery unlikely. We
